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Abstract

Children with congenital heart disease (CHD) often need to bear great anxiety related to various
invasive surgeries and medical procedures. In a study of virtual reality technology in the medical
industry, I found that it has great development potential in reducing children's anxiety.
Therefore, the goals of this thesis project were to use virtual reality technology to reduce anxiety
for children with CHD. Using previous research of anxiety in children with CHD and the
solutions to children's anxiety in various hospitals, this thesis summarizes the design directions.
Then, through interviews with pediatric cardiologists, child development experts, and children
with coronary heart disease with their parents, I determine the design elements to help children
with CHD reduce anxiety. Finally, this article puts forward a preoperative education design
about fantasy adventure stories based on this research. The final design is a picture book and VR
experience that will be employed at various moments leading up to CHD surgeries. The
adventure story can help reduce children’s anxiety through education and by diverting their
attention.
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1. Introduction

Children with congenital heart disease (CHD) usually require various invasive
surgeries at an early age and often face painful and frightening medical procedures
and hospitalization. When children face these medical procedures or are
undergoing treatment, a series of psychological and physical reactions may occur.
These reactions will impair their daily functions and affect treatment compliance
and recovery (Peterson). Moreover, these new experiences may make the child
have a great sense of anxiety and even bring more post-traumatic severe stress
responses.

Throughout the thesis, I will analyze the medical procedures faced by children with
coronary heart disease and the root causes of anxiety they face. The research
questions raised from this will adopt literature and interview methods to determine
the design direction. Among many potential directions, I focus on children with CHD
aged 5-11 and how preoperative anesthesia education might be provided through
storybooks and virtual reality experiences to alleviate children's anxiety. These
design and project-framing decisions are explained throughout my work, and I
include a detailed presentation of my design concept. The ultimate purpose of my
design intervention is to help children with heart disease reduce anxiety and
promote anesthesia induction.
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2. Context

2.1 CHD and associated medical procedures
CHD is the most common congenital abnormality. As the name implies, it exists
from birth (Denise et al.). This disease is a large number of structural and functional
abnormalities that appear during fetal heart development. The abnormalities that
cause children's CHD from the surface structure can be divided roughly into three
types: cyanotic heart disease, left-sided defects, and septation defects (José 151).
These different types of abnormalities can cause various types of coronary heart
disease. For example, cyanotic heart disease can cause tricuspid atresia (TA), leftsided obstructive defects can cause a condition called hypoplastic left heart
syndrome (HLHS), and septation abnormalities can cause ventricular septal defects
(VSDs; José 151).

There are many invasive procedures that children with CHD need to face. For
example, tricuspid atresia (TA) is a congenital heart disease in which the tricuspid
heart valve is missing or abnormally developed. Normally, blood flows from the
body into the right atrium, and then through the tricuspid valve, the right ventricle
and the valves of the lungs. If the tricuspid valve does not open, blood cannot flow
from the right atrium to the right ventricle (Krajíček et al. 59). The blood eventually
cannot enter the lungs to be oxidized (Krajíček et al. 59).
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TA is a common CHD and children with this condition face multiple surgical
treatments from a young age including atrial ostomy, shunt, Glenn surgery, and
Fontan surgery (Sullivan). Children with TA will experience these invasive and
complex operations from birth. At the age of 5, they face Fontan surgery, which is
the path to help children rebuild pulmonary and systemic circulation (Polin and
Ditmar 216-221). Its main purpose is to allow systemic venous blood to bypass the
ventricle and directly reach the pulmonary artery from the superior and inferior vena
cava (Starc et al.). Although Fontan surgery has undergone multiple modifications,
it still has many postoperative complications, which can include chronic renal
insufficiency, liver fibrosis, and cardiac cirrhosis (Assenza et al.).

Beyond heart surgeries, anesthesia procedures are regular invasive procedures
that children face prior to surgery. Studies have shown that anesthesia is one of the
most stressful medical procedures that children may experience, with 40%-60% of
children showing apparent stress behavior (Kain et al.). Induction of anesthesia in
children is challenging, and the pre-anesthetist must assess the corresponding
risks. The induction of anesthesia is close to the anesthesia procedure, so the
induction process for the child represents the transition from an awake to
anesthetized state. Under normal circumstances, pediatric anesthesiologists act as
the "engineer" of the anesthesia induction; they need to weigh the relationship
between the child, parents, and the environment. In doing so, the anesthesiologist
will ensure that the child handles the anesthesia procedure smoothly during the
induction process (Astuto and Lauretta 85-86). Marinella Astuto and Daniela
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Lauretta also mentioned how an anesthesiologist could help children who need to
be sedated handle the procedure smoothly. The premise is to reduce children's
anxiety by having medical personnel explain the anesthesia procedure in order to
establish a harmonious relationship (85-99). The successful establishment of this
trusting relationship will facilitate the later induction of anesthetics for children
(Rancourt et al.). During this process, the anesthesiologist can evaluate any factors
that may cause children to produce anxiety (Short and Gordon 381). The Short and
Gordon study also summarized the matters that should be paid attention to when
explaining anesthesia to children. For example, explaining to children the
medicines that will be used to ensure they will not feel sore or sick when they wake
up. The transition from preoperative assessment to the anesthesia room requires
some suitable methods for children, such as toys or parental companionship,
because this process is likely to cause preoperative anxiety in children (385).

2.2 Mental health for children with CHD
Heart diseases included in the scope of CHD are considered to be chronic
illnesses. Patients not only need to face physical limitations; they also experience
long-term intensive care unit (ICU) stays and repeated hospitalizations for multiple
surgical treatments. These experiences can cause them to suffer from psychiatric
symptoms. Danillowicz and Gabriel's research stated that these psychiatric
symptoms include characteristic anxiety, fear, and post-traumatic reaction agitation.
In the face of illness and medical procedures, children's mental pressure is beyond
healthy people's imagination.
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Children's health effects during surgery and hospitalization cannot be ignored. For
this reason, this thesis project focuses on anxiety because it will help children with
CHD to reduce the various psychiatric symptoms caused by anxiety. Additionally, it
helps relieve the psychological pressure of children during the perioperative period.
Since anesthesia is a major cause of anxiety, this will be a further focus of my work.

2.3 Anxiety and its causes
I am concerned about anxiety because children with CHD are more likely to have
this mental health disorder. According to the latest study by Gonzalez et al., among
118,785 children, 18.2% of children with CHD are the risk of anxiety and/or
depression. Among 5.2% of children without coronary heart disease had anxiety
(Gonzalez et al.). It is evident from the data that anxiety cannot be ignored. More
studies have shown that children and adolescents with CHD have a significantly
higher level of health anxiety than typically developing children and adolescents
(Oliver et al. 1355-1365).

Separation from family members, unfamiliarity with the environment, loss of control,
fear of the unknown, fear of pain, fear of medical equipment and medical
procedures are all factors that cause anxiety in children (Brewer et al. 13-22).
Research also shows that a lack of understanding of one's own health is the main
cause of anxiety before surgery in children (Copanitsanou and Valkeapää).
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Research by Calderon, Johanna, and others has shown that Fontan surgery has a
significant neurodevelopmental impact on children. The study used the Child Stress
Disorder Checklist to measure acute stress and post-traumatic symptoms and
judged children’s mental development through stress levels (97-98). The final test
results showed that 32% of 133 children that had received Fontan surgery had an
official lifetime Anxiety disorder diagnosis. This included 30% of patients that had
been born full-term and 36% of patients that had been born prematurely (Calderon
et al. 98-101)1.

Health Anxiety is a recognized disorder, which refers to patients' worries about
physical diseases (American Psychiatric Association). Its core feature is the belief
that many physical sensations and changes are caused by the disease process
(Asmundson et al. 306). A study by Oliver, Wright, and others on the health anxiety
of children and adolescents with inborn heart disease pointed out that the anxiety
symptoms of children with coronary heart disease were significantly higher than the
general population (1359-1362). Especially fears of physical injury, separation
anxiety and social phobia interaction tend to be significant (Amanda et al. 1362).

As another example, trait anxiety is a transient emotional state whose intensity will
change over time (Spielberger and Gorsuch). Patients tend to view stressful

1

Children aged 10-19 years from Boston Children's Hospital were selected for this study. They are all children with
single-chamber coronary heart disease who have undergone Fontan surgery. The cohort included 33 premature
adolescents and 100 full-term adolescents, and two gestational age groups did not differ in gender, race, family social
status, or most perinatal characteristics (Calderon et al. 97-98).
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situations as dangerous or threatening. A study found that trait anxiety caused by
heart conditions is the strongest determinant of PTSD in surgical patients (Kok et
al. 216).

Studies by Meentken et al. have shown that 12%-31% of children undergoing heart
surgery have PTSD and 12%-14% of children show post-traumatic stress
symptoms (PTSS). The study of Connolly et al. showed that 21% of 72 school-age
children reached the PTSD standard. The influence of invasive and non-invasive
procedures during treatment greatly increases the risk of PTSD (482). Symptoms
caused by PTSD include, but are not limited to, involuntary memory of traumatic
events, repeated occurrences of content related to traumatic events in dreams,
obvious physiological reactions when remindered of traumatic events, and
continuous avoidance of stimuli related to traumatic events (DSM-5). These
symptoms bring great negative effects to children in later treatment. Traumatic
stress response will impair daily functions, affect compliance with medical
treatment, and even hinder optimal recovery. Children may develop avoidance
symptoms, which will manifest themselves as trying not to think or talk about the
trauma or anything related to trauma. For example, staying away from people and
the environment, because this will give them new fears and worries (Connolly et al.
483). Another manifestation is that even if children are safe, they will feel that this
traumatic event will happen again, which may cause them to exhibit more
aggressive behaviors (Peterson).

2.4 Methods to Relieve Children's Anxiety in Hospital

8
Hospitals use different methods to help children alleviate anxiety. For example, the
Morgagni-Pierantoni Hospital in Forli, Italy, uses a "clown doctor" to help children
alleviate anxiety. Its purpose is to change the patient's emotional state and
environment (Dionigi et al. 376-378).

Zohreh et al. studied the impact of animated illustrations on children's preoperative
anxiety, which experimented with reading an illustrated book with 60 children aged
4-8 in Iranian hospitals. The storybook showed pictures of the operating room and
equipment, including children who might be worried about anesthesia masks and
vital signs monitors. This storybook changed the children's attitude towards these
devices, and they learned that these devices are painless. The result of this study
is that reading illustrated storybooks can improve familiarity with the environment,
reduce fear and anxiety, and change children's attitudes towards the hospital
environment, operating room, and surgery (61-68).

Studies have also pointed out that education can help reduce anxiety in children
over 4-6 years old (Copanitsanou and Valkeapää). For example, one study invited
children aged 7-12 to undergo therapeutic play interventions before surgery,
including visits to the operating room, a doll demonstration by the doctor, and a
return demonstration by the children on preoperative procedure education.
Throughout the process, the researchers encouraged children to touch and explore
medical equipment, such as heart monitors and anesthesia masks (Li and Lopez
67). Under the guidance of the researchers, children were invited to perform
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anesthesia demonstrations on the dolls. When the procedure finished, the
researchers also answered the children's questions about the operation (Li and
Lopez 67). The study's final result showed that children’s anxiety before surgery
was significantly reduced (Li and Lopez 69).

As another example, Coşkuntürk and Gözen used a teddy bear as a therapeutic toy
to determine the impact of interactive therapy game education on children's
preoperative anxiety with heart disease. They created a scene of operating on a
teddy bear and asked children to act as a surgeon to perform heart surgery. After
the teddy bear surgery finished, they informed the children about what they would
encounter in the Pediatric Intensive Care Unit (PICU). After the procedure, the
children were brought into the PICU and received more treatment education. The
final result was that game education effectively reduces children's anxiety caused
by the environment and concerns about treatment and reduces postoperative
anxiety. This research aims to make it easier for children to understand the
procedure and reduce anxiety (781-789).

There is also growing interest in using virtual reality (VR) to support children during
the hospitalization process and help reduce their anxiety. This is seen in various
examples such as Lucile Packard Children’s Hospital Stanford’s Project Brave
Heart and Bedside Entertainment Theatre. This year (2021), they launched "The
Stanford Children’s Heart Center Virtual Reality Program," which aims to use
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innovation and technology to reduce children’s anxiety (Stanford CHARIOT
Program).

3. Problem and Research focus
The Stanford CHARIOT (Childhood Anxiety Reduction Through Innovation and
Technology) program helps children with CHD alleviate the critical problem of
anxiety by using different VR games to help children relax before surgery and
distract children’s attention. This can reduce the anxiety of children and promote
the progress of medical procedures to reduce medical obstacles. I noticed that this
program had not developed the VR experience in the anesthesia induction period.
One of the current programs is to use an interactive video game, a Bed-mounted
Projection System, to induce children to enter anesthesia. This method uses a
plastic screen to play video and moves the children from the preoperative area to
the operating room (this process can distract the children and reduce anxiety). The
anesthesiologist will encourage the children to breathe deeply and cooperate with
mask induction to achieve interactive video anesthesia induction (Rodriguez et al.
1073-1074); the article shows that children can enter anesthesia smoothly through
game interaction (Yuan et al., 1275). However, children’s preoperative anxiety
factors are not limited to preoperative movement and operating room. The influence
of surrounding environmental factors and the fear of unknown procedures also
cause children’s anxiety. Therefore, I decided to study how to help children reduce
anxiety before surgery. This stage will include preoperative preparation procedures,
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moving the children from the preparation room to the anesthesia area, and entering
the anesthesia induction period. I also tried to use a complete VR experience to
reduce children’s preoperative anxiety. I believe this is a different experience from
the projection system because the VR experience will immerse the child in the
virtual world. During the experience, the child will be completely distracted and will
not pay attention to the anxiety-causing factors.

Specifically, I am interested in the application of VR to operations: the moments
leading up to operation and post-operation recovery. This is an important
application because preoperative anxiety is considered very harmful to the patient.
During the induction of anesthesia, this may cause the child to try to escape the
operation, verbally protest, cry, or scream to express fear or sadness (Rancourt et
al.). Moreover, it will affect the increase of postoperative pain, the effect on sleep,
and the decrease in diet (Kain et al.). High anxiety can even cause psychological
effects, such as postoperative behavioral disorders (Pittman & Kridli).

Some studies have shown that VR experiences can minimize these sources of
anxiety. Indeed, Dehghan, Jalali, and Bashiri showed that virtual reality exposure
therapy can significantly reduce children’s preoperative anxiety. The experiment
used VR to provide children with exposure therapy (employing VR technology to
expose the operating room for 5 minutes), eliminating the children's biggest worry
about the real world and enabling them to endure preoperative anxiety (Dehghan et
al. 1). The concept of this experience is to increase the child's familiarity with the

12
operating room in the actual experience, thereby reducing anxiety (Dehghan et al.
2). Through the VR experience, children can become familiar with the unknown
quickly, thereby reducing their anxiety about the unfamiliarity with the environment.
However, this can only alleviate the short-term anxiety before the operation. It
cannot alleviate the anxiety caused by other factors in the perioperative period,
such as the unknown of the medical procedure.

3.1 Research Question
How can the VR fantasy experience educate children with CHD to reduce their
anxiety?

3.2 Objectives
Four research objectives are proposed:
1. Understand how to communicate to children about heart disease and
surgery.
2. Understand children's fantasy VR experience preferences to identify design
elements.
3. Identify the current VR technology used for heart surgery for children and
design innovative concepts.
4. Develop and evaluate a design intervention through consultations with the
medical team, patients, and their families.
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The purpose of the research is to design a VR experience for children with CHD.
Therefore, I need to plan how to obtain the answer to each objective. The dialogue
with the medical team, patients, and parents cannot be ignored, as it will help me
attain the information I need more accurately. The following will set the research
method accordingly.

4. Methodology
The research strategy is ‘research for design’ (Frayling) which means conducting
research to inform a design. It will focus on children aged 5-11, as this group of
people is beginning to have vague, subjective consciousness and preferences and
become curious about new things (Harris, etc.). Children of this age have a strong
imagination and using VR for creative intervention can be well integrated into their
imagination (Yuan et al. 378) to reduce anxiety. Moreover, they need to shape a
healthy mental state to reduce post-traumatic diseases.

First, I conducted literature reviews through books and academic articles. I selected
my readings to help me understand:
•

How to communicate relevant information about heart disease and heart
surgery with children (objective 1)
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•

The preferences of children aged 5-11 and how best to communicate with
them (objective 2)

•

Practical VR experience cases (Objective 3).

I have read 7 books (chapters) and 50 articles in total. These resources related to
this topic were all searched through Syracuse University Bird Library and Syracuse
University SUMMON.

Secondly, I conducted semi-structured interviews through Zoom video, divided into
three parts: children with CHD and their parents, child cardiologists, and child
development experts.
•

I contacted one children's Cardiologist of the Pediatric Cardiology Association
to learn how to communicate heart disease and surgery with children
(Objective1) and to understand the current VR technology used by the hospital
for children (Objective 3).

•

I contacted two child development experts and an executive officer of the heart
foundation to learn how to effectively communicate disease knowledge and
medical procedures with children (Objective 1); children's preferences for
fantasy narratives (Objective 2), and how to effectively distract children with
the virtual world (objective 3).

•

I contacted three children with CHD and four parents through Facebook CHD
groups, focusing on how parents communicate with their children about
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congenital heart disease and how they control children's anxiety (Objective 1),
and the children's preferences and thoughts about virtual reality, collecting
design elements (Objective 2).

I interviewed children with CHD with their parents and child development experts
for about 45 minutes in each group; pediatric cardiologists for about 30 minutes. All
interviews recorded the entire conversation with the consent of the interviewee.

Finally, I wrote the story for the book and VR experience, designed the character,
and prototyped 3D models. After that, I presented my design to the patient's
parents and the child development experts for their suggestions by email, and
modified the prototype based on their feedback. The purpose is to collect their
suggestions on the story to design a VR experience suitable for CHD children
(Objective 4).

5. Literature review
Parts of my literature review findings were introduced in the context section of this
thesis. However, the following is an additional discussion of my literature review
results, which help respond to my research objectives, as explained earlier. Table 1
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(Appendix) summarizes the results of the final VR design based on the literature
review.

5.1 The literature review for Objective 1
The first review helped me understand how to communicate with children about
heart disease. Since I put the research in the perioperative period of children with
CHD aged 5-11, I selected the literature at this stage (from preoperative
preparation to anesthesia procedure) related to children. The following will explain
how to communicate with children about heart disease and surgery at this stage
based on their age and psychological analysis.

Under normal circumstances, children’s life specialists at the Children’s Hospital
will provide formal surgery preparations to their parents. If some hospitals do not
have this preparation, nurses provide preoperative preparation and education
(Panella 12). At this stage, using age-appropriate preparations can effectively
promote children's medical experience and reduce anxiety. This study will focus on
children aged 5-11 years. Studies have shown that preoperative preparation for
children over 6 years of age should be provided at least 5 days in advance, and for
children under 6 years of age, one week in advance (Maclaren and Kain).
Considering that the age range of the study is 5-11 years old, children will visit the
hospital from the week before the operation. Children using coloring books or handheld video games at home in the days before the operation will benefit during the
perioperative period development (Perry et al.).
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Judy Panella clearly explained how to prepare for surgery for children of different
ages. The article analyzes that this age group of children can be separated from
caregivers and gradually understand the concept of disease. Therefore, they
should have a specific procedural understanding of the surgical procedure (Panella
15). Typically, guiding children to show their knowledge and skills can effectively
gain their sense of competence. Children at this age are susceptible to the
influence of the media and peers, which can cause worry that they might not wake
up from anesthesia after the operation (14). Similarly, the occurrence of unknown
events, illness and personal injury (Williams et al.) are also their concerns.
Therefore, the article's suggestion is to explain these concerns to children in a clear
language, which will help them understand. For example, the difference between
sleep at home and “hospital sleeping medicine” (15). The use of pictures and other
visual aids can be very effective in explaining the operation to children and allows
children to understand the location of the operation and other issues quickly.
Allowing children to have appropriate choices and opportunities to participate can
promote cooperation between doctors and children. For example, letting children
perform some simple tasks to help them feel that they are also involved in nursing.
Additionally, letting the children decide their own coping strategies and let them
choose among several options (16). This also helps children's independence.

The article also provides the development norms for children of this age group
before surgery. Among them, it is worth noting that children should acquire the
ability of rational, logical thinking and abstract thinking; understand the rules and
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cooperate with others; gain awareness of abilities by demonstrating knowledge and
skills (like participating in nursing) (14).

5.2 The literature review for Objective 2
At this stage, I learned about the fantasy VR experience preferences of children,
which also helped me identify the design elements of the VR experience. This
section collects some typical design cases, the effective methods for children's
hospitals to help children reduce anxiety. The following will analyze these cases
and summarize the design elements.

Take the study of the Southern Public Hospitals Association of Anatolia in Istanbul
as an example. The research mainly focuses on preoperative simulation education
for children's surgical scenes, using teddy bears as simulation objects, and
performing simulated heart replacement surgery. This interactive treatment
education reduces pre and postoperative anxiety for children and their parents
(Coşkuntürk and Gözen).
The Golisano Children's Hospital in Syracuse has modified imaging scanners'
appearance, such as MRI scanners, to make them more attractive to children. They
make the exterior of these machines look like pirate ships, and the color-variable
lights increase the curiosity and comfort of young patients.

Studies have shown that playing activities can reduce children’s anxiety caused by
surgery (Alirezaei et al.). It can also prevent children from suffering traumatic stress
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due to surgery, which means that when children face medical procedures or are
undergoing treatment, a series of psychological and physical reactions will occur.
These reactions will impair their daily functions and affect treatment compliance
and recovery (Peterson). In the Stanford CHARIOT Program mentioned previously,
children are brought into the operating room for anesthesia through augmented
reality interactive video games, projected interactive movies, and VR movies. They
use a series of play activities to distract children and bring them into a fantasy
world, thereby distracting the anxiety caused by real-world medical procedures.

Another plan in the Stanford CHARIOT Program is to project the virtual rocket
launch movie on the back of the surgical lamp above the patient. Through the
interaction between doctors and children, the children will feel that they are landing
on the moon (Gold). The participant Matthew described in Gold's article was sick at
birth, suffering from a rare genetic disease that affects his mitochondria, and
needed to be anesthetized multiple times during the treatment. Matthew's mother
said that although he was accustomed to surgery, he would still tremble, cry and
scream when wearing a mask in the past. When Matthew experienced this, he did
not resist and quickly immersed himself in the virtual experience. After the
operation, he was so excited and could not believe that he had gone to the moon.

Based on these situations, it can be concluded that preoperative simulation
education, fantasy world games, and the interaction between doctors and children
can help reduce anxiety caused by medical procedures.
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5.3 The literature review for Objective 3
There are few application cases of VR technology in children with CHD. Still, this
summary helped me understand other cases of VR technology in children, which
led me to summarize the elements. On the other hand, I found some problems in
cases, which also helped me clarify the design direction.

Some studies have shown that VR experiences can minimize these sources of
anxiety. For example, Dehghan, Jalali, and Bashiri showed that virtual reality
exposure therapy could significantly reduce children’s preoperative anxiety and
postoperative pain. Levine Children's Hospital uses virtual reality games to relieve
children's anxiety. Since the treatment of cystic fibrosis requires regular cleaning of
the wound, children often feel fear and pain due to medical procedures. This VR
experience is taking the form of games, which will combine fantasy scenes and real
experiences. So, the program enables children to complete the treatment in a
relatively short time without resistance in the process (Tompkins). This also proves
that the combination of game experience and real experience can effectively
reduce anxiety and pain.

The Lucile Packard Children’s Hospital Stanford, which launched the CHARIOT
Program, uses different games to provide children with VR experiences. And
launched the CHARIOT Program. For example, when children need injection or a
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change in the dressing of
their wounds, they will use
VR experience to divert
their attention from painful
stimuli and engage in fun
activities (Hayhurst).
According to further
understanding of the
Figure 1: Stanford Children’s health VR program

hospital's CHARIOT
program, the VR games are used for preoperative preparation and pain distraction.
One of the projects in CHARIOT is the Stanford virtual heart experience, users will
interact with the virtual heart by wearing VR glasses and handheld remote control.
They can rotate and open to observe various parts of the heart (see Figure1).
Under the doctor's explanation, children and parents can have a clearer
understanding of how the doctor will help them repair their heart. This is a great
help for the family to understand the true state of the illness. It not only makes up
for their confusion but also calms their nerves. However, the program is suitable for
older 13-year-old children and adults (The Stanford Virtual Heart-Stanford
Children's Health).

Regarding the application of VR technology to children's heart surgery, a wellknown case is the VR technology developed by Lucile Packard Children’s Hospital
Stanford. This experience uses interactive visualization functions to explain
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complex congenital heart defects to patients and their families. Another similar case
is the Children's Hospital of Philadelphia; to develop appropriate interventions for
patients, they developed 3D scanning imaging technology. This application enables
cardiac surgeons to accurately assess a boy's heart with congenital heart disease
before surgery, thereby avoiding other accidents (The Children's Hospital of
Philadelphia).

Combined with the analysis of children's coronary heart disease anxiety and
literature summary, the purpose of this study is to reduce the anxiety caused by
CHD in children aged 5-11 during the induction of anesthesia, because this stage is
the closest to the surgical procedure, and is also one of the most stressful medical
procedures for children. The VR experience has proven to be effective in distracting
children's attention and reducing anxiety in many cases, so developing a VR
experience suitable for children with CHD is one of the goals of this program.
Based on the analysis of previous cases, I believe that a VR game experience
combining storybooks and fantasy can more effectively help children alleviate
anxiety. Increasing the interaction of patients in the experience can help them
understand medical procedures in another way. Levin Children’s Hospital uses a
combination of virtual and reality to prove the effectiveness of the technology,
which means that it is necessary to understand the process of anesthesia induction
period in detail in the following design plan. The last and most crucial link is the
education of anesthesia procedures. The preoperative education with dolls inspires
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this procedure because it can help children understand this procedure and increase
cooperation. In the following I will focus on the design results through interviews.

6. Results
I use the real name of medical and child development experts consulted in this
research. However, I use a pseudonym for the names of children and parents.

6.1 Use"Developmentally Appropriate"to communicate with
children (Objective 1)
In order to learn how to communicate with children about CHD and surgery, I
contacted children's cardiologists, child development experts, children with CHD,
and their parents.
Dr. Nader H. Atallah-Yunes is a pediatric cardiologist in Syracuse, NY. From
meeting with him, I learned how the hospital communicated heart disease and
surgery to children. Dr. Nader explained that doctors would not directly
communicate the details of the operation to aged 5-11 old children. Rather, they will
discuss the details of the heart surgery with the children's parents, and the parents
will then communicate with their child. Additionally, the hospital's child development
specialists2 will comfort and guide the children to cooperate with the medical

2

Child life specialists work with children and families in the hospital to help them cope with the challenges of
hospitalization, illness, and disability. They also use age-appropriate medical procedures to provide children with pain
management and coping strategies and prepare for games and self-expression activities (“Child life specialist”).
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procedures. This stage can help the children to alleviate negative emotions. Under
normal circumstances, preoperative education for children will not explain too many
details because this will increase their confusion and anxiety.

In children's health education and pre-operative education, the "Developmentally
Appropriate (Bredekamp)" method is encouraged to convey information to children,
matching medical language with the child's developmental stage. Therefore, at the
school-age stage of children, honest and accurate language is encouraged to
express the terms that children can understand (Harris et al.). To learn more about
using this method, I interviewed Dr. Honig, a child development professor at
Syracuse University. She gave some examples to explain how to communicate
diseases and medical procedures with children. For example, for the understanding
of "anesthesia," anesthesiologists usually use words such as "sleep medicine" to
convey to the child, and try to explain the operation to the child in the language of
"least threat." Dr. Honig also mentioned, "Avoid telling children that they won't get
hurt." Honest expression is the best way to convey information to them because if
language is unclear, it can lead to children's mistrust of health care providers.
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I also contacted the parents of four children
with CHD and an executive officer of the
Irish Heart Foundation, Margaret Rogers.
They shared several ways to communicate
with children about diseases and surgery.
Ms. Rogers said that the hospital arranges
for a psychologist to communicate with the
children and uses a teddy bear to show the
children the position of the intubation tube
and the position of the pleural effusion 3
before the operation. Another example is

Figure 2: The doll provided by the hospital to
children and parents. Photo provided by Maria.

from Maria, she is one of the parents I
interviewed, she showed a doll provided by
the hospital, “They used the doll to
demonstrate the operation process to children and parents” (see Figure 2).
Maria shared a story for me that when her son (Liam) was 3 years old, she
explained that her son’s heart disease was a small mistake of God. When Liam
needed to do the first Fontan operation, Maria told him that God found the error and
asked the doctor to help repair the missing part of his heart. The 9-year-old boy

3

Pleural effusion often develops as a result of chronic heart failure because the heart cannot pump fluid away from
the lungs, and fluid that seeps from the lungs places additional stress on the dysfunctioning heart. Large pleural
effusions can cause disabling shortness of breath (John).
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Mason suffers from pulmonary atresia, and his mother told him that the doctor
installed a special valve on his heart, which allows blood to flow better. Emma (7
years old) knows that her heart is a "ticker." When the doctor fixes the "ticker" to
make it run faster, she can go out and exercise.

Both the hospital and parents express all information in a way that matches the age
of the child. The method they use is to use these fantasy substances to convey
information to the children comfortably and peacefully.

6.2 Design elements (Objective 2)
This next section outlines my research to understand children’s preferences, which
helps me identify design elements for my VR experience (Objective2). I interviewed
children with CHD, Margaret Rogers, and Dr. Honig. Through interviews with three
school-age children (5, 7, and 9 years old), I concluded that children at this age
group like games full of challenges and thinking skills, and they also like brave and
robust animated characters. They all expressed their love for brave characters and
hoped they could also participate in the story. Based on further analysis of the
interview, this research concluded that school-age children prefer games and
animation that focus on adventure, challenge, help, and strength.

In the interview, Dr. Honig mentioned endorphins, which are chemicals produced
by happiness. Furthermore, when a person feels happy due to a pleasure mood,
endorphins will rise from the breath. Therefore, if the children want to increase
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endorphins, they need to engage in pleasurable activities and improve their mood.
When outdoor activities are not possible, music, painting, and green plants can also
release children’s endorphins. Margaret Rogers gave a suggestion based on many
years of experience in communicating with CHD children: when conveying medical
information to 5-year-old children, you can reduce the detailed description. In
contrast, 11-year-old children will have more doubts about the operation. The
language of the corresponding age meets their needs.

Therefore, the VR experience will design a storyline revolving around the three
keywords: adventure, challenge, and help; Greenery and music will be used as
story elements; a friendly and straightforward user experience will bring children
into the story. These aim to increase children's endorphins and help them feel
happy.

6.3 VR technology application (Objective 3)
To understand the use of VR technology in hospitals (Objective3), Dr. Nader
reported that VR technology has not yet been used in the hospital. I also conducted
literature research on this. The most successful case of VR technology for children
with heart disease is the Stanford Children’s health VR program for children over
13 years old. But for children under 13, some hospitals use VR experiences that
Stanford has developed, such as virtual movies and virtual games. The central
development concept of these experiences is to divert children's attention to
alleviate the anxiety caused by the surrounding environment. I think the application
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of VR can be even more targeted, because it brings children a sense of immersion,
which can combine real and virtual with helping them alleviate many aspects of
anxiety.

Therefore, it can be seen that the current VR technology for children's CHD focuses
on the application of heart disease education. Considering that children aged 5-11
are not suitable for explaining too many medical details, this study will use a
distracting method to design a VR game ideal for school-age children. It will also
focus on anesthesia education, since this procedure is stressful and less
complicated and specific than heart surgeries.

6.4 Position design direction (Objective 4)
According to the interviews with the parents of children with CHD, all parents told
me that the preoperative intervention of child development specialists arranged by
the hospital for their children is not enough to help them alleviate anxiety. "My son
started the medical procedure in four months. He would still be afraid that even he
was familiar with surgery, he feels frustrated and screams when undergoing
medical procedures." William's parents believed that bringing children into an
immersive experience can distract and relieve anxiety.
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I had the opportunity to have an informal conversation with Dr. David Paquin. He is
a professor at the University of Quebec in Abitibi-Temiscamingue. Dr. Paquin is
committed to researching virtual reality experience games. In our conversation, he
considered the versatility of the procedure, so he suggested that if this VR
experience adds too many surgical details, it will make them feel anxious and
confused (affecting children's understanding of the operation). Another idea he
mentioned is that when children are experiencing VR experience, it is not easy for
children to use larger movements to operate the game. Since designers should
consider the user and the objects surrounding the user when designing VR, the
operating environment of this VR experience should be the hospital. Hence,
designers also should consider the convenience of medical caregivers. At this time,
simplifying the VR operation process will be an effective measure.

Inspired by these interviews, I concluded that the VR experience could start from a
fantasy adventure story to increase children's participation and interest. I combine
multiple elements from my research, such as:
•

A light educational theme that presents the anesthesiology process.

•

A theme of mutual help, which is a way to help children face medical procedures.

•

A green atmosphere and the sound of the forest environment to help children
relax, increase the release of endorphins and reduce Children’s anxiety.
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7. My Design Concept
The whole experience will start from visit day, which is one week before the
surgery. On this day, children will meet with children’s life experts and get a picture
book I designed, which explains the anesthesia procedure in the form of a story. On
the day of the operation, the children will start the VR experience before the
operation. The content of the experience is similar to the story in the storybook.

Medical staff will project the VR experience onto the mobile device to check the
child’s experience because the VR experience will cooperate with the hospital's
actual activities. For example, when children ride the magical unicorn to the castle
in the story, the medical staff will take the children to the operating room.
Considering that the volume of the VR headsets will interfere with the wearing of
anesthesia masks during this process, children will not wear anesthesia masks
during the VR experience. Until the VR experience is over, the children will take off
the VR headsets, and the nurse will help them wear an anesthesia mask for the
anesthesia procedure.

There are many types of VR devices on the market. This experience is suitable for
all-in-one VR headsets with two controllers (left and right controllers), such as
Oculus Quest, HTC VIVE, etc. This is to increase the children's interactivity in the
game and increase their immersive experience. The prices of these devices range
from US$300 to US$1,000, which depend on the brand, model, and memory card.
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Cleaning and disinfection will follow standards developed for VR in other healthcare
applications. This would likely involve wiping the surface with alcohol or
disinfectant, using replacement faceplates4 (Parlock); the other is to use UVC lights
to perform the VR equipment Comprehensive disinfection (“How to clean VR
headsets”).

The storyline will follow the points to help children reduce anxiety:


Early-stage children are familiar with stories and anesthesia procedures, which
will help them prepare mentally for the VR experience on the day of the
operation.



For children to experience immersive effects and divert their attention, the VR
experience will adopt a first-person perspective.



Jungle animals in medical outfits will establish an intimate relationship with the
children in the experiences. The purpose of this point is to increase the
children’s familiarity with the characters in medical outfits, and to not be afraid
of the medical staff after the VR experience finishes.



The green jungle dominates the environment of the story. The purpose is to
relieve the tension of the children visually and acoustically.

4

When using VR glasses, in order to ensure the sanitation of the device's facial interface, the hospital can replace
silicone or foam VR faceplates.
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The entire design experience will be divided into preoperative preparation for
reading storybooks and VR experience for anesthesia education. I independently
finished the storyline, and illustrations of the storybook were conducted. My friend
Gui Cheng Yin, a 3D modeler, helped me complete animal models in the VR
experience. The scene materials in the VR experience were all downloaded from
the Unity store, and the scene layouts were completed by myself. Following will be
analyzed each research process and design results separately.

7.1 Preoperative preparation
On the visit day, children’s life
experts will provide children
with a storybook (see Figure 3)
to familiarize themselves with
the story process. The purpose
is to use children's books to
reduce preoperative anxiety for
children and parents (FelderPuig et al.).

Figure 3: The children’s book

On operation day, the children will prepare for surgery in the preparation room.
During this period, the environment and medical procedures will cause children
anxiety. Therefore, children will receive anti-anxiety medication 20 minutes before
the operation. To use the "Developmentally Appropriate (Bredekamp)" health
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education method to convey medical language suitable for children aged 5-11,
doctors at this time expressed anxiolytic drugs as "happy medicine" to children.
Then the child development specialist will give the children anesthesia induction,
such as letting children play electronic games and explaining the anesthesia tools.
The story is to strengthen the children's sense of substitution, so the plot is also set
as the little boy Tommy drank "happy medicine" and fell asleep. In this process,
children will increase their imagination based on their own experiences. After
drinking the medicine, children will put on the VR headsets and start the VR
experience, which will immerse them in another world without noticing the factors
that make them anxious (see Figure 4).

Figure 4: The VR experience environment
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It can be noticed that the content of the storybook is the same as the VR
experience. According to Panella's research, children between the ages of 5 and 11
are afraid of the unknown and fearful of losing control (14). Therefore, storybooks
can make children familiar with the content of the story and pre-operative education
in advance, reducing the resistance of early childhood to anesthesia procedures
and creating curiosity about the VR experience. The purpose is to allow children to
master the central control when experiencing virtual reality.

After children take the "happiness medicine," they need to complete the VR
experience in a short time. If the children are provided with a new storyline, they
may not be able to complete the VR experience before the anesthesia procedure,
which will cause them to fail to obtain the expected experience effect.

7.2 The children’s book and the VR experience prototype
This section introduced the storybook and the VR experience in the way of
storytelling. It also used two reference pictures to compare which show the effects
of the two experiences are different. It also provided some parts of the research
reference in the design process in each chapter. For more research details, please
refer to Appendix Table 1. When the article introduces the VR experience, it will
also detail the actual process of the children in the hospital. The main purpose of
this storyline is to let children understand anesthesia tools and learn how to use
them—having a correct understanding of these tools. This is also to help children
not feel anxious and fearful of unknown things.
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School-age children’s favorite games are full of challenges and thinking ability, and
they like brave and robust animated characters (Panella 16). So, this story will be
designed around the theme of adventure, challenge, and help. This story will use
the green element, the forest to help children increase endorphins to get happiness
(see Figure5). The story will start with the children reading a letter. The story takes
place in a fantasy forest with magical creatures and talking animals. The letter
explains to the child that a fairy has accidentally spilled a potion and the animals
have been struck by a magical spell (see Figure5). The children need to help the
animals and rescue them from the spell. In the first storytelling prototype, I wrote
the story as a witch who casts magic on forest animals. Based on feedback from
parents, the witch may scare young children, so I adjusted this character.

Figure 5: The start of this story in storybook

In the following experience, children will use the handle to control the direction. If
the children deviate from the track, the game will automatically bring the character
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back to the correct path. For younger children, the game can be set to automatic
mode, which means that children do not need a handle to control the direction, but
only need to operate the task of rescuing animals.

7.2.1 Rescue the rabbit
The first animal children encounter in the storybook and the VR experience is a
rabbit, and they will rescue the rabbit from the medical hat (see Figure6).

As the first animal that children will face, I hope to choose an animal that is cute
and docile in children's subjective consciousness, which is to help them build trust
in the game and increase the fun. In the social construction of animals between
sensibility, subjectification, objectification, and non-sensibility, the rabbit occupies
almost the entire geographical location. Among the more apparent characteristics
are pets, “entertainment” animals, non-carnivores animals, and "laboratory" animals
(Cole et al. 22). In our lives, rabbits are an animal that can bring joy to children. For
example, they will appear in the magician’s hat as an "entertainment" tool, and they
will also take care of the children as a pet. In children's culture, there are many
cases where rabbit personification is used. For example, in the stories of Alice in
Wonderland and Peter Rabbit, rabbits can bring fun and caring scenes to children
(Cole et al. 22). Children aged 5-11 can build relationships with the outside world,
and rabbits can help them develop patience and build friendships (Mixon). So,
rabbits are harmless and docile for children.
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After the children encounters the rabbit, the system will start the rescue task
prompt. At this time, the children use the controller to move the hat to the rabbit's
head, and the rabbit will be rescued (see Figure7).

Figure 6: Rabbit trapped in the medical hat in
storybook

Figure 7: Rabbit be rescued in VR experience

Research shows that preoperative care for children of this age should develop their
ability to understand rules, the concept of fairness, and cooperation with others
(Panella 14). The rabbit is a role that guides children into the game and promotes
the development of the plot. It enables children to understand the rules and informs
them can gain abilities and energy by cooperating with other animals. Preschool
and school-age children usually use fantasy and magic thinking to explain
information, so their understanding of diseases is more reflected in magic thinking.
This causes children often to misunderstand medical procedures (Justus et al.).
The rabbit will use magical thinking to convey the upcoming procedure in a way
that is easy for children to understand (help the animal reach the castle).
Considering the participation of medical staff, when children rescue jungle animals,
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jungle animals will wear medical outfits in the storybook (see Figure8) and VR
experience (see Figure9).

Figure 8: Rabbit wear the medical outfits in storybook

Figure 9: The rabbit wear medical outfits
in VR experience

This is to allow children to establish an intimate relationship with animals wearing
medical outfits and to avoid being unfamiliar with medical staff and
misunderstanding medical procedures (Justus et al.) after the VR experience is
over.

7.2.2 Rescue the dragon
Next, the children will rescue the sleeping dragon who is wearing an anesthetic
mask (see Figure10). To convey to the children that the mask will not hurt them and
taking off the mask can wake them up, they need to take off the mask to wake up
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the dragon. So, they will use the controller to remove the mask from the dragon's
face, and the dragon will be rescued (see Figure11).

Figure 10: Sleeping dragon in storybook

Figure 11: Dragon be rescued in VR experience

As the second animal to interact with children, I hope it can bring confidence and
strength to children. In children's literature, dragons as a kind of legendary
creatures mostly appear in myths. They are usually described as flying, firebreathing and powerful (Philippa 2-5). And according to my interviews with children,
dragons have great power and abilities in the children's world. Although they know
dragons do not exist in the real world, they have a high admiration for dragons.
Because during the interview, I can feel the excitement and enthusiasm of the child
sharing this information with me. Adding a dragon character in the VR interactive
session can create a sense of mystery and add more magic to the experience.
After all, the theme of the story is that children rescue the enchanted animal. This is
also in line with the current trend of children's culture, using magic as the story's
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background (Philippa 52). Of course, considering the age range of children, I
designed a small and cute shape for the dragon so that young children will not be
afraid of the original image of the dragon.

Studies have shown that preoperative care for children aged 5-11 years should
increase their participation and confidence in cooperation (Panella 14). Therefore,
in order to let the children increase their self-confidence, the plot shows a dragon
needs children's help. After that, the dragon expressed gratitude and taught the
children mantras so that they can complete the next task(Appendix Table1).
At this time, children need to learn the mantras and give verbal answers, which
increases the interaction between children and game characters. Since the time
during the induction of anesthesia is limited, the dragon will continue to lead the
children to start the next step if the children do not respond.
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7.2.3 Rescue the monkey
When children encounter a monkey trapped in a tube, the monkey will explain that
he has become smaller by magic and know that the tube can help him recover. But
when he found the tube, he accidentally fell into the tube and could not go outside.
So, children need to use a mask to release the monkey to return to its original size
(see Figure12). At this time, children will use the controller to install the collected
mask on the tube interface (see Figure13), and then the monkey will be rescued
and restoring its original size (see Figure14). According to feedback from the
anesthesiologist, the use of the handle in the VR experience will not affect the
medical staff to perform their anesthesia procedures. (Appendix Table1).

Figure 12: A monkey trapped in a tube in storybook

Figure 13: Using handle to operate in storybook
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Studies have shown that developing the thinking skills of children of this age during
the perioperative period will help medical treatment (Panella 14). The monkey
usually represents cleverness and wisdom. So, after the children save the monkey,
they will acquire the monkey's ability, and the monkey will also teach the children
how to use tools. In the VR experience, the system will animatedly demonstrate to
the children, which is to connect the mask and the tube and click the mask to put
them on the monkey's face. Children also have a chance to practice once
according to the prompts at this stage. In this process, children will be subjectively
thinking that they have acquired knowledge and skills in the game to gain a sense
of mastery and competence.

Figure 14: Monkey be rescued in the VR experience
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As a primate, monkeys have the same action and wisdom as humans. Therefore, in
many children's literature, the image of monkeys is intelligent, resourceful, and
playful (Gan). At this stage, children need to rescue the monkey trapped by the
tube, and the monkey's act in the child's subjective consciousness is closest to that
of humans, so the setting of the plot is more in line with this role. This is also why I
set the monkey as the main reason for the plot development after the connection
because the monkey needs to teach the children to use an anesthesia mask to
rescue the raccoon.

When the second prototype was made, my
storyline had the tube tied to the monkey's
body (see Figure15). According to feedback
from children’s experts, this could make
children think the tube is a dangerous tool.
Therefore, to convey a friendly storyline to the
children, I changed the storyline to a monkey
that accidentally fell into the tube.

Figure 15: The first prototype of the monkey
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7.2.4 Rescue the raccoon
Studies have shown that school-age children like to participate in nursing to gain
awareness of ability (Panella 14). Thus, when children encounter a stone raccoon,
the monkey instructs the children to put a mask on the raccoon's mouth and then
connect the tube to the tree hole (see Figure16 and Figure 17). The sap from the
tree will turn into gas through the tube to help the raccoon recover back from the
stone shape.

Figure 16: Save the stone raccoon in
storybook

Figure 17: Save the stone raccoon in VR experience

At this time, children will use the controller during the VR experience operation and
click on the collected mask (with tube) to complete the task according to the
system's instructions. Since the children have already practiced in the previous
study, they can complete the operation smoothly. Hence, children can get the
initiative and control to prove that they can save the raccoon.
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The raccoon is the most mysterious animal in North America, and its intelligence is
often described as smarter than humans. In children’s culture, the fictional raccoon
is often described as an intelligent, curious, but fearless image, which also adds to
the charming color of the raccoon in the children’s world (Taylor et al. 81-82).
Judging from the storyline, rescuing the fearless raccoon can increase children's
confidence. However, in reality, children usually cannot get close to raccoons, and
they can only see them through glass under normal circumstances. I read an
interesting story in the book "The common worlds of children and animals," which
describes that educators keep children at a "safe" distance from raccoons. Still, the
clever and curious raccoons make an Interesting and interactive relationship with
the children; this scene makes educators surprised; after their observation,
raccoons' behavior and play style are also very similar to children's (Taylor et al.
85-87). Therefore, I decided to make a plan that the children need to rescue the
raccoon. In the game, I can set up exciting animations so that the raccoon can
interact with the children interestingly without being rejected by them.

The story conveys to children that anesthetic gas can only help them sleep;
therefore, the system will remind children to say a spell verbally to rescue the
raccoon. The rabbit gently touches assists to wake the raccoon back (see Figure18
and Figure 19). At this stage, the rabbit's behavior can tell children that it can wake
up from anesthesia (Appendix Table1).
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The VR experience uses many different methods to show children that animals can
wake up from anesthesia. It aims to tell children no more extended worry that they
will be injured during the anesthesia procedure. It is also implied that when the
doctor uses the same process after children complete the VR experience, it is to
help them get better.

Figure 18: The rabbit touches the raccoon gently
in storybook

Figure 19: The rabbit helps the raccoon wake up
in VR experience

7.2.5 Ride the unicorn to castle
After the children rescued the raccoon,
Unicorns will appear at this time to let the
children ride to the castle (see Figure20).
Simultaneously, children will not have
Separation Anxiety from their parents (Harris
et al.) because they are entirely immersed in
the VR experience. Animals will also
accompany the children to the castle to
distract them. Meanwhile, the child will be

Figure 20: Ride the unicorn in storybook
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moved from the preparation area to the operation area on a cart in the hospital (see
Figure 21). The total time of this stage will last 3 minutes, and children will follow
the prompts to move to the unicorn side, jump on the back of the unicorn and run in
the forest.

The unicorn is also an animal in the mythology that brings the children a sense of
mystery. At this time, the unicorn is used as a mount to carry children to the castle;
it can give more magic feeling to the whole story. Unlike dragons, unicorns are
considered elusive in the children's world. They symbolize purity and innocence like
children, which is undoubtedly more in line with this group in this VR experience. It
is believed that its horns can heal wounds and diseases. It can also understand
that in this VR experience, the unicorn can help the children in another way except
for heal diseases at this time("Unicorn facts for kids"; Barrett). For children, having
a unique mount on the way to the challenge also brings them more comfort and
peace of mind.

I initially wrote that the children ride a deer to the castle (see Figure22), but I
changed it to a unicorn. Parents suggested that the unicorn would be more
appealing to children, and children might not understand the idea of riding a deer
(Appendix Table1). On the other hand, regarding whether unicorns are suitable for
all children of this age group(5-11), I think this is a result that requires multiple tests
to know. Therefore, it can be said that the current role setting is only an attempt in
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this conceptual product, but I believe that more tests will be able to get ageappropriate results in the future.

Figure 21: Children move from the preparation
area to operation area

Figure 22: Ride the deer in storybook

7.2.6 Arrive to the castle
The unicorn brought the child to the castle
(see Figure23), and the rabbit will issue
the final task, which is also the last
transitional stage. In reality, children
arrived at the operating room in the
hospital. However, they will not be
affected by the surrounding because they
are still immersed in the VR experience
(see Figure 24). After arriving at the
castle, the children will find their final

Figure 23: Arrive castle in the VR experience

destination, a room with a magic wand. The equipment in this room will be very
close to the equipment in the operating room (see Figure25).
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Figure 24: Children arrive to the operating room

Figure 25: The room same as operating room
in the VR experience

It can help children familiarize themselves with the environment, not feel unfamiliar
and fearful of the surrounding environment when they take off the VR headsets.
According to the system prompt, children will lay on the bed and grasp the mask
(the mask connecting to the anesthesia machine already) with the controller. Then,
they can try to wear the mask on their "faces," which is to make a psychological
preparation for the subsequent procedure. In reality, they will be transferred from
the cart to the operation bed. At this stage, the VR experience will be synchronized
with the story, which can also help increase the immersive effect.

Dr. Honig mentioned that giving children appropriate choices can provide them with
some strength. It can understand that children aged 5-11 need to choose because
they are afraid of losing control. It will also increase their confidence. Research
shows that allowing the child appropriate choices and opportunities to be involved
in their care can often lead to better cooperation. The children's hospitals allow
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children to choose the smell of anesthetic gas before anesthesia. This method can
also apply in the VR experience that children will choose between different
anesthetic gas smells.

Based on Dr. Honig's suggestion: "Use the most positive words to comfort the
children and tell them that everyone will be with you and you will feel better after
the operation.” Therefore, after children choose the smells, all animals will surround
the children and explain that children were also imbued with magic while helping
these animals, so the animals will go to their world to help children (see Figure26).

Figure 26: All animals surround the children in storybook
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At this stage, the children will take off the VR glasses after finishing the VR
experience. Doctors, the anesthesiologist, and nurses will put on corresponding
animal tags or animal-themed medical caps and pretend they are the animals from
the VR experience (see Figure 27). This stage aims to let the children not be afraid
of and trust the medical staff. Next, the anesthesiologist and nurses will assist the
children in putting on a mask and begin the anesthesia procedure (Appendix Table
1).

Figure 27: The doctors surround the children

Although the experience is the same as the storybook's content, it will give children
a different experience from reading the book. Since the child will be immersed in a
fantasy adventure world, and the VR experience will be synchronized with the real
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medical procedure until the children start the anesthesia procedure. In this process,
children will be distracted and not pay attention to the factors that affect their
anxiety. This is also the purpose and the goal of this VR experience.

7.3 My iterative process
This project went through various iterative stages. My first idea was to have games
where children find treasure chests with medical tools inside. After children find
these medical tools, the system will explain to them the function of each tool.
However, this prototype didn't have a clear storyline and didn't consider children's
user experience.

I then developed the concept that is the basis for my final design. This design
continued to evolve though iterations, feedback from professors and other experts,
and feedback from my research participants. I explained many of these changes in
the previous section (e.g. changing from a witch to a fairy). However, I also
received some invaluable feedback from Dr. Paquin. He pointed out that children
need different experiences, not just a game focused on medical equipment. This
inspired the adventure aspect of the story. He also suggested adding a storybook
component to the VR experience and increasing the participation of medical staff,
which are both ideas that I incorporated.

Of course, the further development of this design is the future impact on the
hospital. Those mentioned above, letting medical staff participate in VR games,
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which will help them interact with children in another way, reduce their work
difficulty, and prevent children's behavior from disrupting the procedure. Because I
learned in the research process that it is widespread for children to fail to cooperate
with medical procedures due to anxiety and pain, this process also increases the
work difficulties of medical staff. The hospital has prepared many distractions for
children, such as adding music, books, toys, video games, virtual reality, and other
interventions (McGrath et al. 553-559). However, these intervention methods and
medical procedures need to be completed at different stages, and corresponding
medical staff is assigned to work at different stages. For example, the distraction
stage requires the support of child development experts and nurses; the transition
from the preoperative preparation stage to the medical stage involves the support
of nurses and doctors. Thinking from the perspective of children, the frequency of
frontal contact between children and medical staff during this process, the influence
of the surrounding environment, and the effectiveness of distraction will all affect
their anxiety level and also affect whether the child smoothly transitions to the
medical procedure (Bartik and Toruner 972-973). From the perspective of medical
staff, the preliminary preparation process requires multiple medical staff to work.
And the hospital needs to equip different children with different types of medical
staff. This will increase the number of personnel allocated in the hospital and affect
the efficiency of medical staff.

In order to reduce the risk of children’s anxiety, this VR experience not only takes
into account the participation of medical staff in the child’s experience (the child

54
does not have to contact the medical staff multiple times in the preliminary
preparations) but also takes into account that all processes are carried out at the
same stage (reducing Among them anxiety risk). This idea is conducive to
children's immersion in the experience, reduces children's resistance, and
increases the possibility of children's smooth medical procedures. In order to
enable medical staff to participate in the VR experience naturally, I arranged for
nurses to provide children with anti-anxiety drugs and VR glasses to induce
children to enter the virtual experience; also, they will move children to the
operating room and chat with children to cooperate with the game during this
process; help children transfer from the cart to the operating bed. After the child
completes the VR experience, doctors and nurses wearing animal tags or animal
medical caps will talk to the children according to the storyline and assist them in
wearing anesthesia masks starting the anesthesia procedure. Therefore, it can be
seen that the participation of medical staff runs through the entire process. On the
one hand, it reduces the number of medical staff; on the other hand, it reduces the
workload and preparation time of medical staff and improves the efficiency of the
hospital.

7.4 Limites and development
The research time was during the COVID-19 period, and children with CHD belong
to a vulnerable group. Therefore, I did not have more options for recruiting the
interviewers. The method I currently use is to join different Facebook (children’s
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CHD) groups and send my recruit request to let the children’s parents take the
initiative to contact me. This resulted in a limited number of children participating in
this study, which makes it inappropriate to generalize my research findings or say
with confidence that the design would appeal to a larger group of children.
However, I communicated with children aged 5, 7, and 11, respectively. I also
learned how to communicate with school-age children after I interviewed child
development experts. Finally, I searched for relevant literature and collected the
preferences and communication ways of children aged 5-11. So the project is worth
testing.
I would also need to test whether the design actually reduces children’s anxiety.
This would require further developing the VR aspect of my project and conducting a
clinical test between children using my design and a control group.
The study time was during COVID-19, and children with coronary heart disease
belonged to the vulnerable group. I currently use the method to join different
Facebook (Children's CHD) groups and send my recruitment request so that the
child's parents contacted me proactively. Therefore, my choice of participants is
limited. Nonetheless, I communicated with children aged 5, 7, and 11, respectively.
In the interviews with children, I mainly focused on children’s preferences for
animation and their methods to relieve anxiety and found some commonalities.
Features. At the same time, expert interviews and reading literature also helped me
understand how to communicate with children in the VR experience effectively.
Through these characteristics, I designed the entire story and the distribution of
animal characters in the story.
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This experience is a conceptual product designed based on interviews and
literature summaries, so the animated characters are not suitable for all children in
the age range of 5-11. But the variability of the design has only a small range of
fluctuations because the overall design elements are interrelated. Therefore, the
difference of the invention is only a small range of changes based on age and
gender, such as animal roles change. In future design development, the designer
can also change the story according to different conditions and age ranges.
However, these changes will play the same role because the design concept is the
same.

My research has achieved small-scale interviews with children and relevant experts
and obtained the final design prototype based on the preliminary research. The
design prototype implements the design of the story, animal character design (in
cooperation with the model designer), and scene (using the model material in the
VR store for scene layout). The VR prototype is presented in the video, and its
completeness can reach the first stage of testing, which will be conducted on
children aged 5-11. After that, I will need to make corresponding adjustments
based on the children’s feedback on the story, characters, and scenes and start the
second and third phases of the test. By adjusting the test results, I will work with
programmers and designers to design the final VR game experience and contact
the local hospital for clinical trial research.
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This clinical research will use quantitative statistical analysis methods to allow
children with congenital heart disease between 5 and 11 to randomly participate in
the intervention and control groups in a clinical trial. In addition, the fundamental
research will analyze the anxiety response of the two groups of children and
understand preoperative readings' role combined with the immersive experience in
reducing children with CHD‘s anxiety.

8. Conclusion

This project aimed to help children with congenital heart disease reduce their
anxiety. Through interviews with children and their parents, I was able to identify
some children's preferences in games. Through the combination of adventure
stories and preoperative simulation, my design educates children to familiarize
them with preoperative procedures, distract them from the immersive experience
and reduce anxiety. My design still needs further development; however, I feel it is
successful because the VR experience developed from this project may help
hospital nurses increase the possibility of a smoother transition from the
preoperative area to the operating room. It can provide children with a better patient
experience, reduce anxiety caused by medical procedures, and maintain a positive
attitude during treatment and postoperative recovery. Although this research
focuses on pediatric heart surgery, it may be used in other hospitals and have
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wider applications. For example, we can also apply this project to other
preoperative education.

There is also great possibility to explore more design opportunities in this realm.
For example, designers can create different gaming experiences according to
children of different ages; they can also study different medical procedures to
create corresponding VR experiences.

If I were to take this project further, I would expand the recruitment scope for
interviews and better plan the time and process of prototyping. In order to make the
VR experience more suitable for research subjects, more feedback from
participants must be obtained. Additionally, the production of VR design requires
more professionals to participate in order to produce a complete VR prototype.
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9. Appendix
9.1 IRB approval
IRB #: 20-275
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9.2 Recruitment
9.2.1 Social media recruitment
Design for children with congenital heart disease to reduce anxiety

My name is Yang Zhang, you can also call me Shane. I am a graduate student in
the MFA Design program at Syracuse University. My research explores how to
reduce anxiety for children with heart disease and provide a better experience for
medical procedures. I am so happy to invite you to participate in my research. I am
conducting online interviews with children with heart disease aged 5-11 who have
undergone surgery and their parent. The interview will last 30-45 minutes and will
take place over Zoom at the time most convenient for you. After our meeting, I will
send your child a small toy as a thank you, if you choose to provide your address.
Message me on Facebook or contact me by phone (315) 880-2355 or email
yzhan430@syr.edu if you would like to participate or have questions.

9.2.2 Email recruitment
Email for Doctors/ Nurses/ Child Development Experts

Hi XXX,
My name is Yang Zhang, you can call me Shane. I am a second-year graduate
student in MFA design at Syracuse University. I am so happy to invite you to
participate in my research.
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The purpose of this research study is to help children with congenital heart disease
to reduce anxiety and let them maintain a positive attitude during treatment. The
project will eventually combine preoperative simulation education and VR fantasy
programs to achieve the goal. I hope to learn more about children with congenital
heart disease through an interview with you. The interview will last 30-45 minutes
and will take place over Zoom. It will be non-confidential, and I will associate your
name and other identifiable data with your responses in my research
communications. The interview will also be audio and video recorded with your
consent, although you can choose to hold the interview without recording.
If you are interested in this research, please contact me to arrange a date and time
for the interview.
Contact Information: 315-880-2355; yzhan430@syr.edu
Thank you for your participation, hope to hear from you.
Best,
Shane

9.3 Child oral assent form
Introduction:
I am inviting you to be part of my research study. A research study is a way to learn
more about different things. I am interested in learning more about heart disease to
help you and kids like you have a better experience when you’re in the hospital. I
want to develop a new virtual reality program to help reduce anxiety.
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If you decide you want to be part of my study, I will ask you 5 questions through a
Zoom call. These questions will explore your interests, for example, "What is your
favorite game?" This will take about 20 minutes of your time.
My research is about hospitals and heart disease, but our conversation will not talk
much about that. However, if the topic of my research makes you feel upset, let me
know. We can skip a question or stop our meeting at any time. No one will be angry
if you decide to stop.
Not everyone who takes part in this study will benefit. A benefit means that
something good happens to you. There is no direct benefits for participating in this
project. Though, indirectly, the benefits of my research are to help children in the
future feel more comfortable when they in the hospital.
When I’m finished with the study, I will write a report about what I learned and might
share what we learned at special meetings. The report will not include your name
or say that you were in the study.
After our meeting, you will receive a small toy to thank you for being in my study.
You’ll still get a toy even if you don’t answer all the questions or want to stop the
meeting early.
I have already asked your parents, and they said it okay for you to be in the study.
But you can choose if you want to be in the study or not. It’s up to you to decide on
your own.
If you want to talk to anybody after our meeting, let your parents know so they can
help you.
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Do you have any questions?
Are you 5-11 years of age?
Do you agree to participate?
I will email your parents a copy of what we just talked about.

9.4 Oral consent form
9.4.1 Parent oral consent form
Introduction:
The purpose of this form is to provide you with information about participation in a
research study and offer you the opportunity to decide whether you wish to
participate. You can take as much time as you wish to decide and can ask any
questions you may have now, during or after the research is complete by
contacting the researchers Isabel Prochner (cell phone: 315-807-2331) and Yang
Zhang (cell phone: 315-880-2355). Your participation is voluntary.
The purpose for this research study is to help reduce anxiety for children with
congenital heart disease while they’re receiving treatment. My study will inform the
design of a new virtual reality (VR) program for children.
You and your child will be asked to participate in an online interview through Zoom.
Your child will be asked 5 questions and you will be asked 3 questions. The
questions for your child will help me understand the kind of VR program they might
like. For example, “what is your favorite game?” and “what helps you calm down
when you feel uncomfortable?”
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The questions for you will explore how you help your child understand heart
disease and manage their anxiety. For example, “How do you explain your child's
heart disease to them?” The whole interview will take 30-45minutes.
The possible risks of participation in this research study for you and your child are
recalling unpleasant memories or feelings related to your child’s health condition
and treatment. If a certain question is upsetting, you or your child can skip it. You
also have the right to end the interview at any point.
There are no direct benefits to participation. Though, indirectly, your participation
will help me develop a VR program to reduce anxiety in children undergoing
treatment for congenital heart disease.
Your privacy will be protected by holding the interview just between you, me, and
your child. No one else will be present. We will all take the call from a private space
in our home/office and from behind a closed door.
I will share my research and your interview responses in my thesis and through
presentations and publications. I will not use your names or provide any identifiable
data in these communications.
Your data will be maintained to ensure confidentiality by encrypting and password
protecting my files. I will remove your names and any other identifiable information
before sharing the files or sending them by email. Instead, I’ll use pseudonyms in
place of your names. Only Dr. Prochner and I will have access to the key to the
code and the original identifiable data. Both our computers are password protected.
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Identifiers will be removed from identifiable private information. After such removal,
the information could be used for future research studies or distributed to another
investigator for future research studies without additional consent.
Whenever one works with email or the Internet, there is always the risk of
compromising privacy, confidentiality, and/or anonymity. Your confidentiality will be
maintained to the degree permitted by the technology being used. You need to
understand that no guarantees can be made regarding the interception of data sent
via the Internet via third parties.
Your child will receive a small toy worth as a thank-you for participation, which I will
send by mail if you provide your mailing address. After the start of the interview if
your child cannot continue to participate due to illness or does not wish to continue
to participate they will receive a randomly selected toy as a thank you. If your child
completes the study, they will have the option to select the toy of their choice.
As a research participant, you and your child have the following rights:
● You and your child's participation is voluntary.
● You and your child may skip and/or refuse to answer any question for any
reason.
● You and your child are free to withdraw from this research study at any time
without penalty.
If you and your child have questions, concerns, or need more information regarding
this research, you and your child may contact the principal investigator Isabel
Prochner and key research personnel, Yang Zhang.
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Isabel Prochner, cell phone: 315-807-2331; Email: iprochne@syr.edu
Yang Zhang, cell phone: 315-880-2355; Email: yzhan430@syr.edu

If you and your child have questions or concerns about your rights as a research
participant, you may contact the Syracuse University Institutional Review Board
(315) 443-3013.
Do you have any questions?
Are you age 18 or older?
Do you agree to participate?
Is your child between the ages of 5-11?
Do you agree to allow your child to participate?
What is your child’s full name?
Do you wish to provide an address so we can send the toy to your child?
How might I provide you with a copy of this consent script for your records?

9.4.2 Adult Medical Oral Consent Form
Introduction:
The purpose of this form is to provide you with information about participation in a
research study and offer you the opportunity to decide whether you wish to
participate. You can take as much time as you wish to decide and can ask any
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questions you may have now, during or after the research is complete by
contacting the researchers Isabel Prochner (cell phone: 315-807-2331) and Yang
Zhang (cell phone: 315-880-2355). Your participation is voluntary.
The purpose for this research study is to help reduce anxiety for children with
congenital heart disease while they’re receiving treatment. My study will inform the
design of a new virtual reality (VR) program for children.
You will be asked to participate in an online interview through Zoom. There are 5
questions related to anxiety and communication with children about heart disease.
For example, "How does the hospital communicate the surgical decision to the
child?" This interview will take approximately 30-45 minutes.
The possible risk of participation in this research study is recalling difficult cases
with patients with this condition. If a certain question is upsetting, you can skip it.
You also have the right to end the interview at any point.
There are no direct benefits to participation. Though, indirectly, your participation
will help me develop a VR program to reduce anxiety in children undergoing
treatment for congenital heart disease.
Your privacy will be protected by holding the interview just between you and me.
No one else will be present. We will each take the call from a private space in our
home/office and from behind a closed door.
Your data will not be confidential, I will associate your name and other identifiable
data with your responses in my thesis and related presentations and publications.
With your consent, I will audio and video record our interview, but I will not share
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these recordings outside the research team. I will delete all copies of the recordings
after MFA thesis research is complete.
Identifiers may be removed from identifiable private information. After such
removal, the information could be used for future research studies or distributed to
another investigator for future research studies without additional consent.
Whenever one works with email or the Internet, there is always the risk of
compromising privacy, confidentiality, and/or anonymity. You need to understand
that no guarantees can be made regarding the interception of data sent via the
Internet via third parties.
As a research participant, you have the following rights:
● Your participation is voluntary.
● You may skip and/or refuse to answer any question for any reason.
● You are free to withdraw from this research study at any time without penalty.

If you and your child have questions or concerns about your rights as a research
participant, you may contact the Syracuse University Institutional Review Board
(315) 443-3013.
Do you have any questions?
Are you age 18 or older?
Do you agree to participate?
Is your child between the ages of 5-11?
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Do you agree to allow your child to participate?
What is your child’s full name?
Do you wish to provide an address so we can send the toy to your child?
How might I provide you with a copy of this consent script for your records?

9.5 Interview question
9.5.1 Question to children and their parents
(Background)
Age __________
Gender __________
(Question for children)
1. what is your favorite game? Could you tell me why?
2. what is your favorite cartoon character? Could you tell me why?
3. What kind of character would you like to be? For example, some children want
to be superman, some children want to be princesses, how about you?
4. Do you have any experience in using VR equipment？If so, could you tell me
more about this experience? If not, do you want to experience it?
5. What helps you calm down when you feel uncomfortable（Ex: nervous or

anxious）?
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(Question for parents)
1. When your child is stressed before and after the operation, what methods are
usually used to calm him (her) down?
2. How do you explain your child's heart disease to them?
3. How does the amount of information you have about your child’s connection
relate to your stress level?

9.5.2 Question to doctors /experts/ nurses
Job ________________________________________
1. What is the heart surgery procedure in the hospital?
2. During the perioperative period, what methods does the hospital take to relieve
the anxiety and stress of children during the perioperative period?
3. How does the hospital communicate the surgical decision to the child?
4. During my research, I found that children with congenital heart disease are at
risk of contract post-traumatic stress. Can you tell me what measures your
hospital has taken to prevent this?
5. Does the hospital currently try to use VR technology to treat patients? Has the
hospital tried innovative technologies to treat children?

9.5.3 Question to experts in child development
Job ________________________________________
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1. How should a person communicate with children aged 5-11 years about a
medical condition?
2. How would you deal with a children's fear and anxiety?
3. How might you help children patients maintain a positive attitude towards
treatment?
4. What is your opinion on preventing post-traumatic stress in children after
surgery?
5. When children high stress related to medical procedures, how can we help
them relax and relieve anxiety?

9.6 Storybook Prototype
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9.7 VR experience prototype
The VR experience prototype is available at:
https://drive.google.com/file/d/1kop2W07gSOKIBUY3QJ63RMLBuugfWscR/view?u
sp=sharing
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9.8 Table 1
I provide a complete storyline for the book and VR experience here. This
complements my writing in the body of the text and provides additional detail.

7.3 The children’s book and the VR experience prototype
This VR experience 1 will be a game designed around the theme of adventure, challenge, and help.
This VR game 2 will use the green element, the forest, to help children immersive in the virtual world. It
is to increase children’s endorphins 3, which are chemicals produced by happiness. The story will start
with the children reading a letter. Due to the fairy 4’s error, these animals have stuck by a magical
spell. So, the children need to rescue them from the magic.

1

VR experience


Virtual reality exposure therapy could significantly reduce children’s preoperative anxiety
and postoperative pain (Dehghan et al.).



School-age children’s favorite games are full of challenges and thinking ability, and they
like brave and robust animated characters (Panella 16).



The Child development professor Dr. Honig said “Different ages need different ways to
communicate.”



The MRI scanner at the Golisano Children's Hospital in Syracuse looks like a pirate ship,
which is more attractive to children.

2

VR game


Studies have shown that playing activities can reduce children’s anxiety caused by surgery
(Alirezaei et al.).



Lucile Packard Children’s Hospital Stanford distracts children through augmented reality
interactive video games and takes them into a fantasy world, thereby distracting anxiety
caused by medical procedures in the real world.



A friendly and direct user experience will bring a friendly user experience to children (Dr.
David Paquin).

3

Endorphins


Endorphins are the chemicals produced by happiness; it rises from the breath in the joy of
emotion. The music, painting, and green plants can release children’s endorphins (Dr.
Honig).

4

Fairy
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Regarding the story shared by Maria (interviewee), God makes a mistake and needs a
doctor to help her son.



The research used a witch character initially but changed to a fairy because, based on the
feedback of parents, witches may cause fear to young children.

7.3.2 Rescue the dragon
The Dragon will play the role of sleeping wearing a mask at this stage, and children will wake up the
dragon by taking off the mask 8. After that, the dragon will teach children a spell 9 and let them
continue the next task 9. The dragon represents strength and ability. It can increase the child's trust in
7.3.1 Rescue the rabbit
the role. 5
The rabbit is a role that guides children into the game and promotes the development of the plot. It
enables children to understand the rules and informs them can gain abilities and energy by
8
Takewith
off the
mask
cooperating
other
animals. The rabbit will use magical thinking 6 to convey the upcoming
 inItaconveys
children
that the
will not(help
hurt the
them
and taking
maskWhen
can
procedure
way thattoisthe
easy
for children
to mask
understand
animal
reach off
thethe
castle).
them
the children wake
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jungle animals, the jungle animals will wear medical outfits 7 which is to
development
specialists
consider theChild
participation
of medical
staff. will not explain too many surgical details to children because
it will increase their confusion and anxiety (Dr. Nader H. Atallah-Yunes).
9
5

Teach children a spell
Rabbit

Studies have shown that preoperative care for children of this age should increase their

Research shows that preoperative care for children of this age should develop their
participation in engagement and confidence in cooperation (Panella 14).
ability to understand rules, the concept of fairness, and cooperation with others (Panella
14).

6

Magical thinking


Preschool and school-age children usually use fantasy and magic thinking to explain
information, so their understanding of diseases is more reflected in magic thinking. This
causes children often to misunderstand medical procedures (Justus et al.).



“When conveying medical information to 5-year-old children, you can reduce the detailed
description. In contrast, 11-year-old children will have more doubts about the operation.
The language of the corresponding age meets their needs. (Margaret Rogers)”

7

Medical outfits


In the process of children rescuing animals, the children will establish an intimate
relationship with the animals wearing medical clothing, not to feel unfamiliar with the
medical staff after the VR experience is over misunderstand medical procedures (Justus
et al.).
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7.3.3 Rescue the monkey
At this stage, the monkey becomes smaller due to magic, and he knows that the tube can help him
recover. But when he found the tube, he accidentally fell into the tube 10 and couldn't go outside.
Therefore, children need to use a mask to release the monkey to return to its original size. The monkey
represents cleverness and wisdom. After children use to handle 11 to operate saving the monkey, the
child will gain the monkey's ability, and the monkey will teach the child how to use tools. The monkey
will teach the child how to use the mask and tube. Children will demonstrate knowledge 12 and skills
to gain a sense of mastery and competence.

10 Monkey fell into the tube


At the beginning the research set the tube tied to the monkey's body but changed it,
because Dr. Razza suggested that “the tube is tied to the monkey’s body” can make
children think that the tube is a dangerous tool.

11 Handle


Usually, the handle may affect the medical staff to perform medical procedures. When the
anesthesiologist was asked about this, she said that using the handle in this VR
experience will not affect the medical staff to perform the anesthesia procedure, because
before anesthesia, children only need to wait and move on to bed.



In the Stanford virtual heart experience, users will interact with the virtual heart by wearing
VR glasses and handheld remote control. They can rotate and open to observe various
parts of the heart (Stanford Lucile Packard Children's Hospital).

12 Demonstrate knowledge


Studies have shown that developing the thinking skills of children of this age during the
perioperative period will help medical treatment (Panella 14).

7.3.4 Rescue the raccoon
The stone raccoon can't walk, so the monkey instructs the children 13 to wear a mask 14 on the
raccoon's mouth and then connect the tube to the tree hole. The sap from the tree will turn into gas
through the tube to help the raccoon recover. But at the moment, the raccoon is still asleep 15, so

82
when children use a spell (anesthesia), and the rabbit gently touches the raccoon's body can wake the
raccoon 16.
At this stage, children will gain the initiative and control 17. The children rescued the raccoons, and
the corresponding raccoons helped the children by letting them ride the unicorn 18 to the castle.

13 The monkey instructs the children


Studies have shown that school-age children like to participate in nursing to gain
awareness of ability (Panella 14).



let the children decide their own coping strategies and let them choose among several
options. This also helps children's independence (Panella 16).

14 Wear a mask


The University of Hong Kong invites 7-12-year-old children to undergo a preoperative
induction procedure for doll anesthesia. The study showed that children's anxiety before
surgery was significantly reduced.



The pre-operative simulation education of children's surgery scenes in Istanbul Southern
Public Hospital of Anatolia uses teddy bears as simulation objects and performs simulated
heart replacement surgery. This interactive therapeutic education reduces pre-and postoperative anxiety for children and their parents (Coşkuntürk and Gözen).



The hospital arranges for a psychologist to communicate with the children and uses a
teddy bear to show the children the position of the intubation tube and the position of the
pleural effusion before the operation (Margaret Rogers).



“The doctor used the doll to demonstrate the operation process to children and parents.”
(parent interview)

15 Asleep raccoon


It is conveyed to children that anesthetic gas can only help children and let them sleep.



The use of pictures and other visual aids can be very effective in explaining the operation
to children and allows children to understand the location of the operation and other issues
quickly (Panella 16).

16 Wake the raccoon


It is conveyed to children that using the spell and gentle touches can wake up from
anesthesia.



Children at this age are susceptible to the influence of the media and peers, which caused
them to misunderstand not wake up from anesthesia during the operation. Also, fear
unknowns happen, illness, and physical harm (Williams et al.).



Children aged 6-11 should have a specific procedural understanding of the surgical
procedure (Panella 16).
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Allowing children to have appropriate choices and opportunities to participate can promote
cooperation between doctors and children (Panella 16).

17 Gain the initiative and control


Children aged 5-11 have misunderstandings about anesthesia, and some children worry
that they will not be able to wake up from anesthesia during the operation. Therefore, at
this stage, the children can use another way to prove that they will be awake after
anesthesia.

18 Ride the unicorn


“For the deer, I think maybe use a horse, or a unicorn would be better because kids don’t
typically associate riding a deer.” (Parent interview)



In the design stage, children's mounts eventually changed from deer to unicorn, because
through parental feedback, children’s subjective consciousness will not let the deer
become their mount.

7.3.5 Ride the unicorn to castle
in the VR experience, children will take the Unicorn to the castle for the final stage of the experience.
They will not have Separation Anxiety 19 from their parents. because they are completely immersed in
the game. Animals will also accompany the children 20 to the castle to distract them. After the
unicorn brought the child to the castle. The rabbit will issue the final task, which is also the final
transitional stage. In reality, children arrived at the operating room.

19 Separation anxiety


Chidlren’s anxiety comes from parental anxiety and separation from parents (Harris et al.).



This age group of children can be separated from caregivers and gradually understand the
concept of disease (Panella 15).



When children need injection or a change in the dressing of their wounds, they will use VR
experience to divert their attention from painful stimuli and engage in fun activities
(Hayhurst).

20 Animals accompany the children


"My child doesn't want to go to the operating room alone." (parent interview)
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7.3.6 Arrive to castle
After arriving at the castle, the children will find their final destination, a room with a magic wand. The
equipment in this room will be very close to the equipment in the operating room. It can help children
familiarize with the environment 21 so they will not feel unfamiliar and fearful of the surrounding
environment when they take off the VR headsets.
When children lie on a bed with a mask and prepare to return to their world (in reality, they will be
transferred from the cart to the operation bed), then they can choose among several different
anesthetic gas smells 22. All animals will surround the children in the game and explain that children
were also imbued with magic while helping these animals, so the animals will go to their world to
help children 23.

21 Familiarize with the environment


When he was preparing for surgery, he would scream and be very depressed. (parent
interview)



Levine Children's Hospital uses virtual reality games to combine fantasy scenes and real
experiences. So, the program enables children to complete the treatment in a relatively
short time without resistance in the process (Tompkins)

22 Choose gas smells


The children's hospitals allow children to choose the smell of anesthetic gas before
anesthesia, so this method can also be applied to the VR experience.



Children aged 5-11 need to give them a choice because they are afraid of losing control. It
will also increase their confidence. Research shows that allowing the child appropriate
choices and opportunities to be involved in children's care can often lead to better
cooperation.

23 Animals will go to their world to help children


“Use the most positive words to comfort the children and tell them that everyone will be
with you and you will feel better after the operation.” (Dr. Honig)



Allowing children to have appropriate choices and opportunities to participate can promote
cooperation between doctors and children. For example, let children perform some simple
tasks to help them feel that they are also involved in nursing (Panella 16).
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Lucile Packard Children’s Hospital Stanford to project the virtual rocket launch movie on
the back of the surgical lamp above the patient. Through the interaction between doctors
and children, the children will feel that they are landing on the moon (Gold).



At the school-age stage of children, honest and accurate language is encouraged to
express the terms that children can understand (Harris et al.).

10.
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